in 500 subjects (not necessarily demented) without radiological atrophy, but only between the ages of 50 and 69; 500 subjects with radiological atrophy showed no age-related increase in span. From the data of Nielsen et al. (1966a) , a highly significant relationship (P < 0.001) can be calculated between a combination of measures of ventricular enlargement and increasing age. A similarly significant calculation can be made for cortical atrophy. These results were confirmed by Booker et al. (1969) .
The conclusions to be drawn from this brief review of the PEG literature may be summarized as follows: (I) in spite of the absence ofnormative data and prospective controlled studies demented populations tend to show cerebral atrophy in which ventricular dilatation is more important than surface atrophy; (2) where detailed assessment of cognitive function is made some relationship between atrophy and intellectual impairment can be demonstrated, but it is necessary to control for age-related changes. These conclusions must be followed, however, by the important caveat that atrophy on PEG can occur without cognitive impairment and vice versa. Thus there is an overlap between demented and non-demented samples with respect to PEG changes. Computed tomography (CT) not only allows prospective studies of normal and patient populations but also measurement of this overlap, which is crucial in determining the value of CT to the clinician. cr and the normal population Some workers have raised ethical objections to the scanning of healthy subjects (Claveria et 01. 1977) , but such objections are not widely held. It is therefore surprising that more prospective studies are not available, because the 'normality' of some of the samples hitherto reported might be questioned. For example, many studies have used patients referred for investigation of some neurological complaint but found retrospectively to show no detectable abnormality (Huckman et 01. 1975 , Gyldensted & Kosteljanetz 1976 , Synek & Reuben 1976 , Haug 1977 , Gyldensted 1977 . Gonzalez et 01. (1978) took a sample selected on the basis of their ability to live independently in the community, a criterion that would not necessarily exclude early dementia. Barron et al. (1976) and Jacobs et al. (l978}-reported a series of 'normal volunteers' but did not state their selection criteria. In an effort to overcome some of these objections, Jacoby et al, (1980) screened a group of elderly healthy volunteers from the community, excluding those with a past history of neurological or psychiatric illness, alcoholism and any present abnormality on neurological and mental state examination. Out of 50 subjects, 8 (16%) were considered to have enlarged ventricles beyond age expectation. Ventricular enlargement was not related to performance on a memory and orientation questionnaire (Hodkinson 1973) . However, performance on this questionnaire was significantly related to cortical atrophy. cr and dIagnosis of dementia As with PEG, CT scan studies show a general relationship between brain atrophy and a clinical diagnosis of dementia. Huckman et al. (1975) found only one normal scan in a group of 47 demented patients compared with 8 normal scans from 20 controls. Jacoby & Levy (1980a) found significantly more atrophy, both ventricular and cortical, in a group of 40 patients selected before CT scan for a diagnosis ofsenile (Alzheimer-type) dementia compared with 50 controls (see above). However, overlap was considerable. For example, planimetric measurement of the ventricle: skull ratio in the tomogram showing the maximum ventricular area yielded means of 20.6±S.O for dements, and 14.2±3.9 for controls.
In order to quantify the degree of overlap between dements and controls, Jacoby & Levy (1980a) carried out a discriminant function analysis (Nie et 01. 1975) using various indices of atrophy, both ventricular and cortical. The optimum prediction table produced in this analysis incorporated all the CT variables and assigned 83% of cases to their correct group. But this also meant a 17% incorrect assignment using an analysis which optimized prediction and employed several variables. Overlap between diagnostic groups for individual CT scan indices was calculated from frequency histograms. The misclassification rate varied widely from 18-40%, the most discriminating index being u subjective surface atrophy score and the least discriminating being a simple linear measurement of ventricular size (Evans' ratio). These results are unlikely to be fortuitous, because an overlap of similar proportions was found between dements and a group of 41 patients with affective disorders, who were essentially a second control group (Jacoby & Levy 1980a, b) . Nine of this latter group were considered to have enlarged ventricles.
A further potential diagnostic use for the CT scanner is the differentiation of primary neuronal from multi-infarct dementia. Radue et al. (1978) found only approximately 40% agreement between clinical and radiological diagnosis. This was. due to 10 out of 19 false positive clinical diagnoses of multi-infarct dementia. Jacoby & Levy (1980a) carefully selected their dements for absence of evidence of cerebrovascular disease. However, 10 out of 40 dements showed low attenuation areas of probable cerebral infarction on CT scan, compared with only lout of 50 controls who were similarly screened for absence of cerebrovascular disease. This difference was highly significant and probably confirmed the neuropathological evidence that, in the elderly, the two types of dementia frequently coexist, the one augmenting the clinical effects of the other (Roth 1971) .
Cf: relationship to cognitive impairment Evidence of a relationship between degree of atrophy and degree of cognitive impairment is somewhat conflicting. In a short preliminary communication, Gado & Hughes (I 978) suggested that atrophy was related more to age than to intellectual decline; but Earnest et al. (1979) in a more detailed study did find a reciprocal relationship between atrophy and impaired performance on four neuropsychological tests in elderly subjects. However, independent of age the association was weak. De Leon et al. (1979) apparently demonstrated a more significant association between a battery of psychological tests and CT scan atrophy, but this was also a very short preliminary report lacking in methodological details, and without reference to age-related changes. Jacoby & Levy (1980a) , using a variety of clinical and psychological indices of cognitive impairment, found in their sample of dements only a few weakly significant correlations with measures of ventricular enlargement, but not with cortical atrophy. In an amalgamated group of dements, controls and patients with affective disorders these authors found a much more significant relationship between atrophy and P90r performance on cognitive tests, the correlations being of the same order as those of Roberts & Caird (1976) whose sample also ranged from near normal to grossly impaired. In the study of Jacoby & Levy (1980a) , the strongest and perhaps the most interesting correlation was that between cortical atrophy and paranoid ideation (r= -0.65, P<0.OO2) in the dements. This is unlikely to be a chance finding since it is supported by the cerebral blood flow data of Gustafson & Risberg (1974) , and seems to indicate that paranoid ideation is incompatible with gross cortical loss.
Cf: variation with age
The study of Earnest et 01. (1979) underlined the importance of controlling for age in the assessment of atrophy either for diagnosis or for correlation with cognitive impairment. The strongest age-related increase in ventricular size was found by Barron et al. (1976) in nondemented subjects, but other authors have produced similar if less striking results (Haug 1977 , Gyldensted 1977 .Gonzalez et 01. (1978) , in another non-demented sample, found only a nonsignificant tendency for atrophy to increase with age. This non-significant trend was confirmed by Jacoby et 01. (1980) in their control sample for ventricular enlargement, cortical atrophy being weakly but significantly age-related. Of more interest was the finding that ventricular size in the demented group was reciprocally related to age, patients under 80 having larger ventricles than those of 80 years and over (Jacoby & Levy 19800) . It is possible that this may have been an artefact of selection of inpatients (older patients being more likely to be admitted for social rather than medical reasons), but may also have been an indication of a less malignant form of the disease in older subjects, as has been suggested by neuropathological investigations (Constantinides 1978) .
Conclusion
Computed tomography is likely to demonstrate cerebral atrophy, both ventricular and cortical, in clinically demented patients. However, such patients may show no atrophy, while subjects with no intellectual impairment may show cortical shrinkage and/or ventricular enlargement beyond age expectation. In elderly populations the overlap may be between 10 and 20%. It is therefore unwise to make a diagnosis of primary neuronal dementia on the basis of cerebral atrophy alone. Special caution needs to be exercised in elderly patients with depressive illness, where cognitive impairment may be apparent but reversible. If this pseudodementia (Post 1975) is accompanied by radiological atrophy diagnostic errors may result. In such cases the presence of affective symptoms or a past history of affective disorder may be crucial in making the correct diagnosis (Ron et al. 1979) .
